Downline power control method and apparatus in ths distributed 
antenna gystam 



Technical field 

The present invention relate to the technical field of 
distributed base stations in a mobile communication system, 
and in particular to the downlink power control method and 
apparatus when using the contplex cell technique in a 
centralized base station system based on remote radio 
freqpjency units. 

Background technology 

As shown in figure la, a base station (BTS) performs 
transmission/ reception and processing of wireless signals, 
and a conventional BTS is mainly cono^osed by a baseband 
processing subsystem, a radio frequency ( RF) subsystem and 
antennas, and one BTS may cover different cells through a 
plurality of antennas; And as shown in figure lb, each BTS 
connects to the base station controller (BSC) or wireless 
networks controller (KNC) respectively through a certain 
interface, thereby constituting a wireless access network 
{RAM) . 

Figure 2 present another kind of distributed base station , 
i.e., using the system architecture of a centralized base 
station based on remote radio frequency units. As compared 
to the conventional base station, such a centralized base 
station based on remote radio frequency units has many 
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advantages: allowing to replace one macro cell based on the 
conventional base station with a plurality o£ micro calls, 
thereby best accommodating different wireless environments 
and increasing wireless performances such as capacity, 
coverage and etc. of the system? the centralized structure 
make it possible to perform the soft handoff in the 
conventional base station by a softer handoff, thereby 
obtaining an additional process gain; the centralized 
structure also makes it possible to use costly baseband signal 
processing resources as a resource pool shared by a plurality 
of cells, thereby obtaining benefits of statistical 
multiplexing and reduced system cost. More details of this 
technique are disclosed in PCT patent WO90054 32 " 
Communications system United States Patent US5657374 " 
Cellular system with centralized base stations and 
distributed antenna units US6324 391 " Cellular 

communication with centralissed control and signal processing 
", China patent application CN1464666 "Soft base station 
systan based on fiber optic stretch and synchronous method 
thereof", China patent application CN1471331 " Base station 
system for mobile communication " and United States Patent 
application US20030171118 " Cellular radio transmission 
apparatus and cellular radio transmission method 

As shown in figure 2 , the centralised base station system 
based on remote radio frequency units are composed of a central 
channel processing subsystem and remote radio frequency units 
which are centralizedly configured and connected through the 
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wideband transmission link or network . The central channel 
processing subsystem mainly comprises :functional units such 
as the channel processing resource pool, the signal routing 
distribution unit and etc., wherein the channel processing 
resource pool is formed by stacking a plurality of channel 
processing units, and performs tasks such as baseband signal 
processing, and the signal distribution unit dynamically 
allocates channel processing resources according to the 
traffic of different cells to realize effective sharing of 
the processing resources among multiple cells. Besides the 
implementation inside the centralized base station as shown 
in figure 2, the signal routing distribution unit may also 
be implemented as a separate device outside the centralized 
base station . The remote antenna element is mainly constituted 
by functional units such as the transmission channel's radio 
frequency power amplifier, the reception channel 's low noise 
an5)lifier, antennas and etc. The link between the central 
channel processing subsystem and the remote antenna element 
may adopt transmission medium such as optical fiber, coaxial 
cable , microwave and etc. / the signal transmission may be done 
by way of digital signals after sampling, or simulating 
signals after modulating; the signals maybe baseband signals, 
intermediate frequency signals or radio-frequency signals. 

As noted earlier, in the centralised base station system 
based on remote radio frequency units, since it is allowed 
to use a plurality of micro cell to replace one macro cell 
based on the conventional base station, it is favorable for 
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increasing the system capacity. Taking WCDMA (wideband code 
division multiple access) syatem as an example, in the uplink, 
the system capacity depends on the uplink interference, and 
by virtue of the uplink power control, UEs (user equipment) 
in each micro cell controlled by the centralized base station 
transmits a lower power, but with less interference on other 
micro cells, thereby increasing the uplink capacity than the 
macro cell; in the downlink, the system capacity depends on 
the maximal total downlink transmission power and the number 
of OVSF (orthogonal spreading factor) codes, and since the 
coverage of each micro cell controlled by the centralized base 
station considerably reduces as compared to the macro cell, 
the limitation by the power on the downlink capacity 
considerably reduces, and at the same time, since each micro 
cell has a different downlink scramble code, it is possible 
to allocate respective OVSF code resource to each micro cell, 
thereby solving the problem of limitation of the number of 
OVSP codes on the downlink capacity. 

However, since the radius of the micro cell is small, 
as con^ared to the macro cell, it certainty results in a higher 
UE switching frequency, especially when the rate of movement 
of the UE is higher. The higher UE switching frequency will 
result in many potential problems: the call loss of the XJE 
increases; the frequent radio measurement due to the switching 
increases the UE's power consumption, thereby reducing the 
UE's stand-by time; the excessive switching needs additional 
wireless resources, thus counteracting the increased system 
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capacity by using micro cells. On the other hand, when the 
coverage area o£ the centralized bass station system based 
on remote radio frequency units is lager, i.e., the number 
of micro cells under control is very large, the probability 
that its entire region reaches the peak capacity considerably 
drops, and therefore many cells do not exhibit high rate of 
capacity utilization, thus not actually obtaining the benefit 
of increased potential system capacity by using micro cells. 

To this end, another patent application entitled "micro 
cell management method in the mobile communication system 
using the centralized base station", which is filed at the 
same time with the present invention, propose a kind of 
effective solution for this problem: that is to say, dynamic 
cell control is performed for the cells under coverage 
according to the parameters such as the UE's moving speed, 
cell load conditions, processing resource occupation of the 
centralized base station, i.e. , a plurality of geographically 
adjacent cells with the similar parameters are dynamically 
grouped into one cell , and in this dynamically generated cell , 
the downlink scramble code is the same, and the radio remote 
frequency units corresponding to the original micro cells 
forming the dynamic generated cell constitute a distributed 
radio frequency transceiver system of the dynamically 
generated cell. In addition, according to the patent 
application, it is also possible to employ a fixed 
configuration method to merge neighbouring micro cells into 
one cell, i.e., to fixedly configrure the geographically 
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adjacent micro cells in some areas into one cell according 
to the system configuration, and this is mainly suitable for 
the case where system design capacity is small at tints of 
initial network construction. For the convenience of 
explanation, such a cell formed by dynamically or fixedly 
merging the geographically adjacent micro cells is called 
complex cell . 

Figure 3 is a schematic diagram showing the distributed 
transceiver scheme of the complex cell in the centralized base 
station based on remote radio frequency units. As shown in 
figure 3/ micro cells #1 - #7 are combined into one complex 
cell, which differs from the conventional cell by its 
distributed reception and transmission features. In the 
uplink direction, the remote radio frequency units in the 
micro cells all receive the uplink signals from the same user 
equipment (UE) . Since the difference in geographic 
distribution between the remote radio frequency units, for 
the centralized base station, the uplink signals from the 
ranote radio frequency units are equivalent to the multipath 
signals from the US. Therefore, they can be correctly 
demodulated by the RAKE receiver. If a remote radio frequency 
unit is further from the OE, the signal received by it from 
the UE Is certainty weaker. Since the base station RAKS 
receiver has the ability to automatically track and select 
multipath signals of strength higher than a certain threshold, 
in the uplink direction, stronger uplink signals from the 
closer UE are automatically selected, which is similar to the 



6 



IEE040017 



cass of the cell with a single ordinary radio frequency unit. 

In the downlink direction, however, all the remote radio 
frequency units in the complex cell transmit downlink signals 
to the same UE . For the remote radio frequency unit farther 
from the UE, its transmitted signal contributes very small 
to the UE's downlink receiving signal power, and therefore 
is unnecessary. On the other hand, the signal transmitted to 
the UE by the remote radio frequency unit farther from the 
UE may cause the interference by its downlink on other UEs, 
because the distributed transmission structure of the 
downlink signals actually generate a man-^made multipath 
effect, thus reducing the orthogonality of the downlinks and 
deteriorating the performance of the downlinks. 

In view of this problem, the present invention is 
proposed . 

Summary of the invention 

The object of the present invention is to provide an 
apparatus and method for controlling downlink power of the 
complex cell in the centralized base station system based on 
remote radio frequency units. 

According to one aspect of the present invention, there 
is provided an apparatus for controlling downlink power of 
the complex cell in the centralized base station system based 
on remote radio frequency units, said base station system 
having a plurality of radio frequency unit and a RAKE receiver 
connected to said plurality of radio frequency units, the 
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apparatus comprising: signal cfuality measuring means 
connected to the RAKE receiver^ for measuring signal ^allty 
of an uplink channel between each radio frequency unit and 
the same user equipment; average signal quality calculating 
means for calculating average signal quality of each uplink 
channel according to the measured signal quality; and power 
control means for adjusting transmission power of the downlink 
channel corresponding to the uplink channel according to said 
average signal quality, so that the tz-ansmission power of the 
downlink channel corresponding to the uplink channel with a 
lower average signal quality is relatively lower. 

According to another aspect of the present invention, 
there is provided a method of controlling downlink power of 
the complex cell in the centralized base station system based 
on remote radio frequency units, said base station system 
having a plurality of radio frequency unit and a RAKE receiver 
connected to said plurality of radio frequency units, the 
method comprising: measuring signal quality of an uplink 
channel between each radio frequency unit and the same user 
equipment according to the received signal measurement by the 
RAKE receiver; calculating average signal quality of each 
uplink channel according to the measured signal quality; and 
adjusting transmission power of the downlink channel 
corresponding to the uplink channel according to said average 
signal quality, bo that the transmission power of the downlink 
channel corresponding to the uplink channel with a lower 
average signal quality is relatively lower. 
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According to the present invention, when using the 
complex cell technique in the centralised base station system 
based on remote radio frequency units, for a downlink directed 
to a certain UE, the remote radio frequency unit having less 
average downlink path lower will be selected to transmit the 
UE's downlink signals, and the UE's downlink signals 
transmitted from those r<gmote radio frequency units with 
higher average downlink path loss will be switched off. 

Actually, when a remote radio frequency unit is farther 
from the UE , the average downlink path loss of the path from 
the remote radio frequency unit to the UE is higher, and thus 
its transmission signal has less contribution to the power 
of the UE's downlink reception signals. Therefore, switching 
off the UE's downlink signals transmitted from the remote 
radio frequency units with higher average downlink path loss 
may not only save downlink power resources, but also 
effectively reduce the interference in the downlink direction. 
Contrarily, when a remote radio frequency unit is closer to 
the UE, the average downlink path loss from it to the UE is 
lower, and thus the power of the UE's downlink reception 
signals mainly comes from the remote radio frequency unit 
having lower average downlink path loss. 

For a time division duplexing (TDD) system, the uplink 
and downlink path losses may be assumed to be equal . For a 
frequency division duplexing <FDD) system, since the uplink 
and downlink frequency bands are different, and the fast 
fadings of uplink and downlink channels are not correlative. 
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the instant down path loss and the instant uplink path loss 
are different. However, since the uplink and downlink path 
losses averaged over a period of time are mainly dependent 
on the spatial distance of the propagation path, they are 
approximately equal, 

Thsrefore, according to the present invention^ it is 
possible to determine a relative magnitude of the path from 
each remote radio frequency unit of the complex cell to the 
UE according to the quality of uplink signal received by the 
remote radio frequency unit in the uplink direction from the 
UE, such as uplink signal strength, the uplink channel power 
received by the remote radio frequency unit from the UE, and 
the UE • s uplink signal- interference ratio (SIR), and the 
relative magnitude may be used as a basis for judging whether 
each remote radio frequency unit should transmit the UE's 
downlink signal in the downlink direction. 

Description of the drawings 

The present invention will be described by referring to 

the following accompanying drawings and embodiments , wherein : 
Figure la is a schematic diagram showing the structure 

of a conventional BTS; 

Figure lb is a schematic diagram showing the structure 

of a wireless access networks- 
Figure 2 is a block diagram showing the structure of a 

centralized base station system based on rsnote radio 

frequency units; 
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Figure 3 is a schematic diagram sftowing the distributed 
transceiver scheme in the complex cell of the centralized base 
station based on remote radio frequency units; 

Figure 4 is a schematic diagram showing the structure 
of a spreading receiving device in the complex cell according 
to one embodiment of downlink power control device of the 
present invention ; 

Figure 5 is a schematic diagram showing a merging unit 
for downlink physical channels in the prior art; 

Figure 6 is a schematic diagram showing a merging method 
for downlink physical channels of the jpresent invention 
according to the embodiment; 

Figure 7 is a schematic diagram showing the structure 
of a spreading receiving device in the complex cell according 
to another embodiment of downlink power control device of the 
present invention; and 

Figure 8 is a schematic diagram showing a merging unit 
for downlink physical channels of the present invention 
according to another embodiment. 

DETAILED DESCRIPTIQM OF THE PREFERRED EMBODIMENTS 

An embodiment of downlink power control device according 
to the present invention will be described by referring to 
figures 4 and 6. Figure 4 and 6 show a spreading reception 
device, a downlink power control device and a merging unit 
20. For convenience of explanation, figure 4 only presents 
the spreading reception device corresponding to one UE , As 
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shown in figure 4 , the downlink power control device comprises 
a signal quality measuring unit 12, an average signal quality 
calculating unit 13 and a power control unit, wherein the power 
control unit coiaprises a selecting unit 14. As shown in the 
figure, the uplink reception signal from each remote radio 
frequency unit 11 of the complex cell is delivered to the 
centralized base station via a wideband transmission link for 
baseband processing. For the uplink, the spreading reception 
device of the complex cell is a receiving diversity RAKE 
receiver 10, where correlation reception^ multlpath searching 
and tracking processing are respectively performed on the 
signals of all the receiving branches. At the same time, the 
channel estimation processing is performed on each receiving 
branch, and finally the paths having strengths greater than 
a certain threshold are selected from all the receiving 
branches for max ratio merging. According to the present 
invention, the signal quality measuring unit 12 obtains the 
signal quality of a receiving branch corresponding to each 
remote radio frequency unit (such as signal intensity or code 
channel power or signal-interference ratio (SIR) , wherein the 
signal intensity is a total signal level including the 
interference and noise component in the receiving branch, the 
code channel power is a useful signal power of the branch with 
the interference and noise component being removed, the SIR 
is a ratio of the code channel power and the interference and 
noise component) from the uplink diversity RAKE receiver 10. 
Then the average signal quality calculating unit 13 calculates 
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a average signal quality (for example, average signal 
intensity or code channel Power or SIR) of each receiving 
branch over a period of time for cumulatively averaging. The 
selecting unit 14 determines the remote radio frequency unit 
branches having higher average signal intensity or code 
channel power or SIR for example by means of sorting, so as 
to use it for the control of downlinJc signal transmission power 
of the UE. 

Figure 5 shows a merging unit for downlink physical 
channels according to the prior art, more details of which 
is disclosed in technical specification TS25.213 of 3GPP 
(third generation cooperation project) , wherein each remote 
radio frequency unit branch correspond to such a unit. As shown 
in the figure, instead of SCH (synchronous channel) , oth^r 
physical channels generated according to TS25,213 
specification are synthesized into one way of signal after 
being respectively multiplied by a respective proportion 
factor, and then is delivered to the downlink QPSK modulating 
unit after being merged with the SCH channel. According to 
the present invention , as shown in figure 6 , the downlink power 
control device further comprises a switching unit 21. Based 
on the merging unit as shown in figure 5, a strobe switch is 
added in front of each physical channel for controlling 
whether the corresponding physical channel should be 
transmitted. The gating signal for controlling each strobe 
switch is generated based on the selection for the remote radio 
frequency unit branch having higher average signal strength 
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or code channel power or SIR, which is obtained from the uplink 
reception channel according to the present invention, that 
is to say, only the remote radio frequency unit branch having 
higher average signal strength or code channel power or SIR 
transmits the corresponding UE's downlink signal/ which 
otherwise will not be transmitted in the remote radio 
frequency unit branch. 

Figure 7 and figure 8 show another embodiment of downlink 
power control device of the present invention. Differing from 
the above @nbodiment/ as shown in figure 1 , the embodiment's 
downlink power control device does not comprise the selecting 
unit and switching unit, but cotnprises a control unit 34 which 
determines a normalized power distribution proportion factor 
of each remote radio frequency unit branch based on the average 
signal strength or code channel power or SIR of each receiving 
branch, and uses it for downlink signal power proportion 
regulation of the UE corresponding to each remote radio 
frequency unit ' s downlink branch, as shown in figure 8. Figure 
8 shows a merging unit 4 0 where the power distribution 
proportion factor is controlled by the signal from control 
unit 34. In one preferable embodiment, the merging unit 4 0 
may coaiprise a proportion control unit which actually the 
power distribution proportion factor based on the proportion 
determined by the control unit 34. 

The following is a nonres trictive example of the method 
of determining the normalized power distribution proportion 
factor for each remote radio frequency unit branch; if 
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o,,02,-"i^f (^^notes the average signal strength or code channel 
power or SIR of each remote radio frequency unit branch 
obtained based on the present invention, wherein M is the 
number of remote radio frequency units (basic micro cells) 
in the complex cell, the normalized power distribution 
proportion factor ^ ~^'^>"'^ of each remote radio frequency 
unit branch may be found by using the following equation: 



In addition, the above two methods may be oombined, where 
the remote radio frequency unit branch having higher average 
signal strength or code channel power or SIR is first selected, 
and the power distribution proportion factor of the UE 
corresponding to an unselected branch is set to zero. For the 
branch being selected to transmit the UE's downlink signal, 
the UB's normalized power distribution proportion factor is 
calculated based on the average signal strength or code 
channel power or SIR of the corresponding remote radio 
frequency unit branch. 

For the convenience of describing the present invention, 
the present invention is described by taking the WCDMA. system 
as an exan^le. However, the basic spirit and method of the 
present invention are also applicable to other mobile 
communication systems based on CDMA techniq[ue such as CDMA2000, 




(1) 



15 



IEE040017 



SCDMA, UTRA TDD and etc. 
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